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and maize (corn) 10 . But despite this emerging pattern, the role of each candidate gene in improving plant performance is clearly also context dependent. For instance, the genomic regions identified by the authors as linked to heterosis were distinct in each of the three breeding groups. For example, a candidate gene identified in one group has a relative in tomato 8 that has been implicated in heterosis; however, this gene does not show an involvement in hybrid vigour in the other rice groups studied. Perhaps what is observed as a difference in dominance under different circumstances actually reflects different points on a continuum of dosage sensitivity, in which the impact of any one gene product depends on interactions of the corresponding gene with other regulatory gene products and their targets 11 . Furthermore, the lack of strict additivity indicates that there is not a strong correlation between the amount of gene product and that product's effect on the plant's characteristics. Any attempt to mani pulate heterosis for crop improvement would need to take this consideration into account.
Interestingly, the study found little indication of genomic regions that showed negative partial dominance or underdominance (in which a hybrid characteristic falls below the parental average). If the major genetic determinants of heterosis act in a context-dependent, dosage-sensitive manner, why does their action seem to be more often positive than negative? One possible explanation is that previous selection favoured lines that promote heterosis in hybrids. But it seems doubtful that such selection alone could explain the effect, given that hybrids between different, but related, species that have not been subjected to breeding regimes also tend to produce exuberant growth. Understanding this aspect of heterosis is an imperative, albeit challenging, future direction for the field.
Huang and colleagues' insights into heterosis, when followed up by studies to resolve the genes and functional variants involved, will give researchers the potential to contemplate manipulating hybrid vigour through molecular breeding, genetic engineering and gene editing. Specific modifications could be introduced and examined in different genetic backgrounds to attain the best performance. Manipulating the quantities of dosage-sensitive regulatory genes might be a path towards a directed mimicking of hybrid vigour 12,13 . However, with this idea comes the caveat that each case is likely to be context-dependent and to depend on relative stoichiometries among many regulatory gene products. ■ James A. Birchler 
provides beautiful images of the inside of the human body that can depict spatial detail at the submillimetre level. However, signals from abundant atomic nuclei (tens of moles per litre) that have large magnetic moments are a prerequisite for clinical imaging. By contrast, procedures in nuclear medicine can produce images that show the distribution of tiny concentrations of a targeted radioactive tracer (a few picomoles per litre) in the body. But uncertainty in identifying the locations at which the detected γ-rays originated limits the spatial resolution of such images. On page 652, Zheng et al. 1 report a technique that combines the positive features of MRI and nuclear medicine for the first time, potentially offering a huge advance for diagnostic medical imaging. The angular distribution of γ-rays emitted by radioactive nuclei that have nuclear-spin quantum numbers greater than one-half depends strongly on the orientation of the spins. Consequently, the distribution of the emitted γ-rays can be extremely anisotropic -when a highly polarized sample is placed in a static magnetic field that aligns the nuclear spins, far fewer γ-rays are emitted in the direction along which the spins are oriented, compared with the perpendicular directions 2 (Fig. 1a) . The technique proposed by Zheng and colleagues exploits this anisotropy in
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MRI illuminated by γ-rays
A technique that combines magnetic resonance with nuclear medicine has been used to image the distribution of a radioactive tracer, potentially opening up a powerful and innovative approach to medical imaging. See Letter p.652 Xe nuclei, and observe the effect on the angular distribution of the emitted γ-rays. a, The authors first consider nuclear spins in a highly polarized sample that have been aligned by using a static magnetic field (B), so that the nuclear-spin orientation (orange arrow) is in the same direction as the static field. The blue volume represents the probability that a γ-ray will be emitted in a given direction. The rate at which γ-rays hit fixed detectors (the count rate) is constant; here, it is maximal in the transverse detector and minimal in the longitudinal detector. b, The authors then consider a situation in which a second magnetic field (not shown) that oscillates at the nuclear magnetic resonance frequency is briefly applied to the nuclei. The nuclear spins are now oriented in a different direction from the static magnetic field, and the spin orientation and probability distribution precess (rotate; black arrows). As a result, the count rate oscillates in the transverse detector -a feature that can be used to infer the nuclear-spin dynamics.
combination with the phenomenon of nuclear magnetic resonance (NMR). Brief (a few milliseconds) application of a second magnetic field that oscillates at the characteristic NMR frequency of the experimental set-up rotates the nuclear spins so that they are no longer aligned with the static field. Subsequently, both the average spin orientation and the anisotropic γ-ray distribution will precess (rotate) about an axis parallel to the static field, and the number of γ-rays detected by an appropriately oriented detector will oscillate with time (Fig. 1b) . This effect can be used to infer the nuclear-spin dynamics -an approach that has proved fruitful in nuclear-physics studies 3 . The degree of nuclear polarization that is needed to produce sufficiently anisotropic γ-ray emission in these studies is more than 10,000 times greater than can be achieved by 'magnetizing' the sample in the field of a typical NMR magnet 2 . Such hyperpolarization can instead be obtained by using methods such as spin-exchange optical pumping 4 , in which electron polarization produced by laser irradiation is transferred to the nuclei in collisions.
Zheng and collaborators adapted apparatus that they had previously used 5 for conventional, low-field (0.7 millitesla) MRI of hyperpolarized xenon-129 ( 129 Xe). They used optical pumping to produce 60% of the maximum possible polarization in a sample of about 70 picomoles of metastable 131 Xe. The nuclei were contained in a glass cell shaped like the Chinese character for the word 'middle' (see Figure 1b of the paper 1 ). The authors then manipulated the nuclear-spin orientation using an additional magnetic field that oscillated at the NMR frequency of 960 hertz. Finally, they measured the time-varying flux of γ-rays using detectors aligned parallel and perpendicular to the 0.7-mT static field.
Using this arrangement, Zheng et al. demonstrated a new way to measure NMR spectra -they used γ-ray detection to infer changes in spin orientation that occurred while the oscillating magnetic field was applied to the sample. More importantly, by applying magnetic-field gradients across the sample, the authors generated a 2D image that shows the shape of the glass cell (see Figure 1a of the paper 1 ). Their imaging technique is based on a truly inventive idea. In conventional MRI 6 , a mathematical operation known as a Fourier transform is used to relate the shape of a sample to its constituent 'spatial frequencies' . The authors realized that, when magnetic-field gradients are used to produce a sinusoidal spatial variation of the angle made by the nuclearspin orientation to the direction of the static field, the γ-ray flux at the detectors is directly related to the strength of specific spatialfrequency contributions to the sample's shape. An image of the sample was consequently formed by taking multiple measurements and then summing the different contributions.
The authors' imaging method therefore shares many of the favourable characteristics of MRI, particularly in terms of spatial resolution, controllable contrast and spectral sensitivity. But the technique can also produce images from samples that contain only trace amounts of radioactive nuclei -if the glass cell had been filled with water, rather than metastable 131 Xe, an image could have been made using conventional proton MRI, but about 50 billion times more nuclei would have been participating in the imaging process. Zheng and colleagues' approach is a fantastic idea, but there are many hurdles to negotiate along the path from their reported proof-ofconcept experiments to practical applications in the clinic. Given that the authors' image took about 60 hours to acquire, the first essential step will be to increase the speed of image acquisition. Immediate gains might be reasonably straightforward to obtain by improving the efficiency of data collection. For instance, the sample was repolarized by optical pumping -a time-consuming process -after each spatial-frequency contribution was measured. This meant that only 6% of the acquisition time was spent measuring the γ-ray flux.
But even if information about all spatial frequencies could be obtained after a single hyperpolarization step, the 200-minute acquisition time needed to count an adequate number of γ-rays would still be unfeasibly long for in vivo studies. Further modifications that increase the γ-ray flux will therefore be required. The authors suggest that this might be accomplished by using other radioactive noble gases, such as meta stable forms of 127 Xe or krypton-79, which have shorter half-lives than metastable 131 Xe. A further problem for in vivo application is that the lifetime of nuclear polarization for nuclei with spins greater than one-half is generally much less than one second in the liquid state 7 . Therefore, the high level of polarization required for anisotropic γ-ray emission will be difficult to maintain over the time needed for tracer transit from a site of injection to the organ of interest. Delivering the tracer in gas bubbles or solid nanoparticles could potentially overcome this problem, but would probably reduce the possibilities for tracer targeting. These approaches, and others that involve more-complex manipulation of nuclear polarization using ideas from NMR, are definitely worth exploring in the quest to bring the full power of the authors' technique to bear in diagnostic imaging. ■ 
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